Although Body Mass Index (BMI) is used to assess obesity, it does not always relate to central obesity, the main metabolic risk factor. Waist to height ratio (WHtR) is a simple index of central obesity. This study assessed its usefulness in detecting metabolic derangements in 5-15 year old Sri Lankan children. Method A cross sectional descriptive study on healthy 5-15 year old children was conducted in Colombo district. Height, weight and Waist Circumference (WC) were measured. WHtR and BMI (classified by WHO cutoff >2SD) were calculated. Obesity was defined by percentage fat mass measured by Bio Electrical Impedance Assay (BIA -InBody-230 BIA machine) and validated against Sri Lanka body composition equations. After a 12-hour overnight fast, blood was drawn for Fasting Blood Glucose (FBG) and lipid profile. Standard Oral Glucose Tolerance Test (OGTT) was performed to obtain Random Blood Glucose (RBG) at 2 hours. Metabolic Derangements (MetD) were defined as; WC for age >90 th centile (UK standards); FBG>100mg/dl or RBG>140 mg/dl; HDL-cholesterol<40mg/dl; triglyceride>150mg/dl; and systolic or diastolic blood pressure>+2SD for age (UK standards). Metabolic Syndrome (MetS) was diagnosed by high WC plus ≥2 other MetD. ROC curves were drawn to determine the optimal WHtR value that predicts MetS as well as ≥2 MetD. Using these cutoffs, WHtR was also validated against obesity determined by % fat mass. Results A total of 920 children (547 boys) were studied: 16.6% were obese/ overweight and 55.6% had normal BMI. Close to 14% had central obesity. Those with normal BMI but having central obesity had higher total cholesterol and triglyceride levels, but were not statistically significant. WHtR detected more cases with abnormal cholesterol and HDL than BMI, but detection of cases with high triglycerides was similar to BMI. WHtR to detect MetS was 0.51 (sensitivity-1.00; specificity-0.83) in boys and 0.49 (sensitivity-0.83; specificity-0.83) in girls. To detect ≥2 MetD, WHtR was 0.42 (sensitivity-0.6; specificity-0.62) in boys and 0.45(sensitivity-0.62; specificity-0.62) in girls.
BACKGROUND
Non communicable diseases (NCD) such as diabetes mellitus and cardiovascular disease are increasing all over the world with its onset occurring at a younger age.
Although genetically predisposed, lifestyle changes have resulted in an exponential rise in obesity, both childhood and adulthood. This is associated with metabolic derangements such as dysglycaemia, dyslipidaemia and hypertension, and thereby directly contributing to the rise in NCD. In particular, early onset central obesity is identified to predispose one to such metabolic derangements. Therefore, early detection of those factors either individually or collectively as Metabolic Syndrome (MetS) is of paramount importance in order to control and prevent NCD related morbidity. However, it is not practical to periodically assess these in blood due to discomfort as well as cost, but an effective and practical surrogate marker would be of more use.
Obesity related Metabolic Derangements (MetD) have been reported not only in adults but also in children in Sri Lanka especially with the rise in incidence of childhood obesity [1] . This highlights the importance of having surrogate markers for early detection of abnormal metabolic profiles using non-invasive methods. Several anthropometric measures such as Body Mass Index (BMI), Waist Circumference (WC) and Waist to Hip Ratio (WHR) have been used as early predictors of the risk [2] . However, the sensitivity of the currently adopted cutoff values of these measures is not similar, thus posing the question of the validity of a single cutoff value universally [3] . Furthermore, anthropometric measures have shown poor detection of MetD [4] and the current BMI cutoff has been less sensitive in detecting obesity as well as MetD in Sri Lankan children [3, 4] . A major drawback of BMI is that it does not distinguish between Fat Mass (FM) and Fat Free Mass (FFM) nor does it show the pattern of fat distribution as central or peripheral, of which the latter is more associated with MetD [2] .
WC is a better predictor of MetS, but cutoff values need revision [3] . WHR has been a poor predictor of abnormal metabolic derangements in Sri Lankan children. In contrast, Waist to Height Ratio (WHtR) has gained popularity as it is shown to be associated with the development of type 2 diabetes mellitus (T2DM), ischaemic heart disease (IHD) and cardiovascular disease (CVD) in adults [5] . Although the intra-abdominal fat in children is relatively low, WHtR has been able to predict CVD risk among children [2] .
WHtR is a simple and effective anthropometric index and has shown to be useful in identifying obesity associated metabolic risks among Sri Lankan adults [5] . Framingham Study used the waist-to-height ratio for the first time [6] and since then, studies have shown that WHtR has a stronger association with CVD risk factors than BMI in both children [2] and adults [7] .
WHtR is simple to calculate and as it does not have an association with age, a single cutoff value could be used across all ages and sexes [8] unlike BMI, which changes with age and sex when using standard deviation or centiles [9] .
As it seems that conventional anthropometric methods and their cutoff's are not sensitive in detecting childhood obesity and MetD early in the disease process, this study was designed to assess the validity of WHtR in detecting MetD in [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] year old selected group of Sri Lankan children and the relationship of WHtR with other obesity related indices.
METHODS
A cross-sectional descriptive study was carried out among 5-15 year old apparently healthy Sri Lankan children living in Colombo; the most urban district in Sri Lanka. Sample was selected using a twostage, probability proportionate to size, clustersampling technique to recruit a minimum sample size of 790 children, so as to ensure an expected proportion of children with obesity of 2%; level of precision of 0.01; confidence interval of 0.05; and a non-repose rate of 5%. During the first stage of sampling, 15 schools were selected from a recently updated list of secondary schools in the district of Colombo, with a probability proportionate to the size of student population in each school. During stage two, one class each was selected from Grades 1-4; Grades 5-7; and Grades 8-10 using the lists of classes (that have at least 30 students) in each selected school. The entire class was considered as a cluster and sampled.
Students with any illness or on any medication were excluded. After informing the eligible students and their parents about the procedure, written consent from parents and assent from children above 10 years were obtained. Ethics review committees of the Faculty of Medicine, University of Colombo and Lady Ridgeway Hospital for Children approved the study.
Five medical graduates who were trained and supervised by VPW carried out all measurements.
Assessment of anthropometric indices
Height, weight, WC and Hip Circumference (HC) were measured in all participants using a standard protocol [10] . BMI [weight(kg) / height(m) 2 ], WHR [WC(cm) / HC(cm))] and WHtR [WC(cm) / Height(cm)] were calculated. Based on BMI for age index and WHO 2007 growth standards (11), participants were categorized as obese (>+2SD), overweight (+1SD to +2SD and wasted (<-2SD).
Assessment of obesity
Obesity was assessed using Fat Mass (FM) measured using Bio Electrical Impedance Assay (BIA -InBody-230 BIA machine), which has been validated against Sri Lanka body composition equations [12] . Percentage FM cutoff values used to diagnose obesity was 28.6% for boys and 33.7% for girls [12] .
Assessment of metabolic derangements
Blood pressure was measured in the seated position using a mercury sphygmomanometer after a 10minute rest. The first and fifth Korotkoff sounds were used to represent systolic (SBP) and diastolic (DBP) blood pressure, respectively.
Blood was drawn after a 12-hour overnight fast for Fasting Blood Glucose (FBG) and lipid profile. Oral glucose tolerance test (OGTT) was performed after giving to drink anhydrous glucose 1.75g/kg per body weight to a maximum of 75g and blood drawn two hours later for random blood glucose (RBG) by an experienced nursing officer.
Blood glucose, total cholesterol, triglyceride and HDL cholesterol were quantitatively assessed using spectrophotometer (BioSystems®). Blood glucose (both FBG and RBG) was assessed by enzymatic spectrophotometric method using glucose oxidase and peroxidase enzymes. Cholesterol ester molecule was cleaved using cholesterol oxidase and peroxidase enzymes, and enzymatic cleavage of triglyceride was done using glycerol phosphate oxidase and peroxidase enzymes. HDL-cholesterol was measured using enzymatic spectrophotometry with enzymatic analysis using cholesterol esterase, cholesterol oxidase and peroxidase.
Definitions used in the study
MetD were identified as: WC for age >+2SD centile of UK standard [13] ; abnormal glucose homeostasis if FBG >5.6 mmol/L or 2 hour OGTT (RBG) value >7.8mmol/L; HDL <1.03 mmol/L; TG ≥1.7 mmol/L [14] ; and blood pressure >+2SD for age for both SBP and DBP of UK standards [15] . This cutoff value for SBP and DBP was chosen instead of the cutoff values given by International Diabetes Federation (IDF) definition (130/85mmHg), which was suitable only for the tallest 15 year old children, thus leading to an under estimation of hypertension.
MetS was diagnosed by having ≥2 metabolic derangements in addition to having high WC.
Data analysis
Data were entered and analyzed using SPSS (version 20). Data were summarized using mean and standard deviation (SD) for quantitative data and proportions for categorical data. Receiver operator characteristic (ROC) analysis was performed to identify the optimal cutoff values (including its validity) of WHtR to detect MetS and to detect ≥2 MetD.
To assess the relationship of these cutoff values with other obesity related indices, the following analysis was done. Within different ages and within each group of normal and overweight/ obese children, metabolic derangements were compared using t test between children categorised according to newly developed WHtR cut-off and according to other international cut-offs. The validity of newly developed WHtR cut-off for detecting individual metabolic derangements was further compared with the validity of international cut-offs.
RESULTS
The total study population was 920 (547 boys) children. One hundred and fifty three (16.6%) children were overweight/obese while 256 (27.8%) were wasted. The distribution of metabolic derangements in the study population is published elsewhere [1] . Based on ROC analysis, the WHtR cutoff value to diagnose MetS was 0.51 (sensitivity-1.00; specificity-0.83) in boys and 0.49 (sensitivity-0.83; specificity-0.83) in girls ( Figure 1 ). To detect ≥2 MetD, the WHtR cutoff value was 0.42 (sensitivity-0.6; specificity-0.62) in boys and 0.45 (sensitivity-0.62; specificity-0.62) in girls ( Figure 2 ). The sample was categorised into normal weight (BMI between -2SD and +1SD) and overweight/obese (BMI >+1SD) ( Table 1) . Each group was further categorised according to two different WHtR categories (one based on the internationally accepted 0.5 cutoff value and the other based on 0.45 that was defined to detect ≥2 MetD in the current study). There was no difference in the age across these groups. BMI was significantly higher in the groups of higher WHtR except the 0.45 cutoff groups in the overweight group. Percentage FM, WC and WHtR showed significantly higher levels in the groups of higher WHtR in both overweight and normal groups. HDL-cholesterol was significantly low in the higher WHtR group in the overweight group. Cholesterol, Triglyceride and LDL-cholesterol showed higher values in the groups of higher WHtR and in some it was significant (shaded background in the table). Table 2 shows the sensitivity and specificity of different WHtR cutoff values as well as BMI +1SD cutoff value in detecting adverse metabolic derangements. In detecting children with elevated blood pressure, cholesterol, triglyceride, LDL-C, low HDL-C or at least 2 or more metabolic derangements, WHtR ≥0.45 had a higher sensitivity compared to WHtR ≥ 0.5 ( Table 2) . When WHtR ≥0.45 was compared with BMI +1SD cutoff, the former had a higher sensitivity. Although the specificity of WHtR ≥0.45 was lower compared to the other two cutoff values, it was still higher than 73% for all assessed metabolic derangements. In recognizing MetS, WHtR showed 100% sensitivity with 75% specificity. In the detection of elevated ALT, all indices showed low sensitivity, but WhtR>0.45 showed the highest sensitivity (40%). None of the indices showed promise in detecting dysglycaemia. Table 3 shows the mean WHtR for each age group. In both boys and girls, the mean value did not show significant variation. The proportion who had higher % Fat Mass was 14% among boys compared to 31% in girls. Among boys, the proportion detected as being at risk for overweight/obese was similar to the proportion detected by BMI +1SD cutoff. WHtR>0.5 cutoff slightly underestimated the number of individuals to have a higher percentage fat mass while >0.45 cutoff value overestimated. Among females, the BMI +1SD cutoff value and WHtR>0.5 underestimated the number of individuals having high body fat mass, while >0.45 cutoff over estimated it.
DISCUSSION
Similar to increase of childhood obesity, high rates of central obesity, denoted by increased WHtR, have been observed during last few decades. WHtR is more closely linked to childhood morbidity than BMI [16] . It can be used as a measure of obesity related morbidity in children as well as in adults. The simple public health message, 'keep your waist circumference to less than half your height' is valid for both adults and children of both sexes across all ages [16] .
In 5-17 year old children in the Bogalusa heart study, BMI-for-age and waist-to-height ratio did not differ in their ability to identify children with adverse metabolic risk. Although WHtR is a simple tool much preferred in day to day clinical and epidemiological practice, it needs additional longitudinal data as it has not been adequately studied for understanding its relation to disease [17] .
Girls
Ceylon Journal of Medical Science 54(1): 18-26 (2017) 1 Underweight children were excluded from analysis. Shaded area denotes statistically significant difference between the two categories 1 Systolic blood pressure and/or diastolic blood pressure >2SD; 2 Fasting blood sugar >100 and/or random blood sugar > 140 mg/dl; 3 cutoff for elevated fat content was considered >28.6% for boys and >33.7% for girls. Data from five Canadian national surveys involving 5-18 year old children revealed that increased WHtR was significantly associated with increased cardiometabolic risk in overweight and obese subjects, with the greatest associations observed in the obese population [18] . This study showed that although obese or overweight, their cardionmetabolic risk was closer to non obese/overweight (normal BMI) children if their WHtR was <0.5. Therefore WHtR was considered a better tool for cardiometbolic risk screening and those with an elevated WHtR should undergo further cardiometabolic risk assessment.
Cutoff values developed in our study to detect MetS in children was same as the international cutoffs described in literature, which is 0.5 [16] . However, MetS in children is a condition that occurs as a result of having an adverse metabolic state for a long period of time, and therefore its ability to reverse is low. Effects of MetS on long term health are quite high. Therefore, detecting the adverse metabolic profile at an early stage of its development is crucial for improving long term health. We tried to derive cutoff values that would detect at least two metabolic derangements in this population. In boys and girls, the values were 0.42 and 0.45 respectively, with more than 60% sensitivity and specificity in both groups, which could be considered as a satisfactory cutoff value. However, for practical purpose, the value was rounded to 0.45 irrespective of sex and age.
WHtR cutoff value of 0.45 showed better sensitivity and specificity in detecting abnormal metabolic profiles than a WHtR cutoff value of 0.5 and BMI cutoff value of +1SD. Even within the normal BMI category, individuals with higher WHtR were seen to have a more adverse metabolic profile compared to those with lower WHtR. A similar association was also seen within the BMI >+1SD category. This shows that WHtR is more effective in detecting an adverse metabolic profile than BMI. BMI looks at the entire body mass standardized to height squared, whereas WHtR looks at the waist circumference, which is the direct risk factor for the origin of NCD's later in life, standardized to height. Therefore, WHtR could be considered a more direct measure of the 'risk factor'.
WHtR was also able to detect more individuals with adverse fat accumulation in the body. Both international cutoff value of WHtR and +1SD BMI value showed some similarity. However, the 0.45 cutoff of WHtR improved the detection of central obesity as detected using fat mass of the body. This shows that ethnic specific cutoff values should be defined not only for BMI but also for other indices such as WHtR.
If WHtR is to be used as a screening tool for assessing elevated fat content of the body, the international cutoff, which is 0.5, under detects cases of obesity, while the cutoff value which is defined by us, which is 0.45, overestimates it only by a small number.
Being an index derived using two simple measurements, WHtR can be very useful in early detection of high percentage body fat mass and adverse metabolic profiles. Although it may overestimate slightly, it would fulfill the ideal characteristics of a screening tool.
CONCLUSIONS
WHtR is a simple index that is useful for detecting obesity as well as adverse cardiometabolic profile. However, population specific cutoff values need to be derived to improve its validity. WHtR cutoff of 0.45 had the best sensitivity and specificity, thus it is considered a better index to screen for overweight/obesity than BMI, in this cohort of Sri Lankan children.
